The polyoxins, nucleoside peptide antibiotics, are effective inhibitors of chitin synthesis in some fungi and yeasts. Although isolated chitin synthetases appear to be equally sensitive to inhibition by polyoxins, intact yeast cells are relatively insensitive. It has been suggested that polyoxins enter cells by a peptide carrier transport mechanism. In this paper, we report results which demonstrate that changes in the growth conditions significantly affect the degree of sensitivity of Candida albicans to the polyoxins. For example, a minimal inhibitory concentration of 0.1 ,ug/ml was obtained in a defined medium compared with a minimal inhibitory concentration of 1,000 ,ug/ml with conventional media. Various noninhibitory di-and tripeptides, when added to the media, were found to antagonize the anti-Candida activity of polyoxins. In addition, polyoxin-resistant mutants of C. albicans were shown to exhibit cross-resistance with other dipeptide antibiotics. The data reported herein support peptide transport of polyoxins in C. albicans.
Polyoxins are a class of nucleoside peptide antibiotics which have been isolated from soil strains of streptomyces. These antibiotics are highly active against phytopathogenic fungi, but their activity against human pathogenic fungi such as Candida albicans is more limited (9) . Recently, Becker et al. have described the ability of polyoxin D to inhibit the growth of C. albicans at millimolar concentrations (1) . In addition, these authors have shown that polyoxin D causes marked morphological alterations in C. albicans, including the growth of long, swollen filamentous chains that are sensitive to the osmotic environment. In this article, we show that manipulation of growth conditions can have a significant effect on the inhibitory activity of polyoxin against C. albicans and that the observed activity is mediated by peptide transport.
The polyoxins have been shown to exert their lethal effects through the inhibition of chitin synthetase, chitin being an essential component offungal cell-wall structure (3) (4) (5) . Although fungi differ widely in their sensitivity to the polyoxins, no polyoxin-resistant chitin synthetase has yet been found, and Ki values of enzymes isolated from unrelated fungi have been found to be very similar (5) . In fact, Becker et al. have shown that chitin synthetase from C.
albicans is inhibited by polyoxin D (1). Thus, the observed differences in fungal sensitivity to polyoxins (i.e., phytopathogenic fungi versus human pathogenic fungi) may be due to several factors, such as the inability of the polyoxins to penetrate certain fungal cells and, possibly, to different rates of intracellular peptidase-mediated hydrolysis. Peptide hydrolysis would result in loss of activity since the free amino acid components of polyoxins are themselves poor inhibitors of chitin synthetase (5). It has been proposed that cellular entry of the polyoxins involves a specific peptide carrier mechanism since simple peptides antagonize the inhibitory action of the polyoxins in whole cell assays whereas they are without effect on polyoxin inhibition of isolated enzyme preparations (4). During our investigation on peptide transport in C. albicans, we found that polyoxin can inhibit cell growth and that the minimal inhibitory concentration (MIC) of polyoxin B * Corresponding author. against C. albicans B-311 is dependent on the type of growth medium used. In this regard, polyoxin B or D did not exhibit any growth inhibition when tested in Sabouraud-glucose broth or Trypticase soy broth (BBL Microbiology Systems) (MIC -500 ,ug/ml); however, in a defined medium such as yeast nitrogen base-glucose or yeast carbon base-lysine, growth of C. albicans B-311 was inhibited (MIC = 0.5 to 1.0 ,ug/ml). Table 1 demonstrates the effect of various carbon and nitrogen sources on the bioactivity of polyoxin in defined medium. Soluble starch in combination with lysine or glutamate showed an improved MIC; however, ribose as a carbon source coupled with aspartate, glutamate, or lysine as the nitrogen source gave the best inhibitory results.
(Preliminary results of this work were described at the International Congress of Microbiology, Boston, Massachusetts, 1982).
Considering that the polyoxins are peptidyl pyrimidine antibiotics which are inactive in complex media, we decided to examine the effect of various noninhibitory di-and tripeptides on the bioactivity of polyoxin B in a defined medium. The results of these experiments are shown in Table 2 and demonstrate that alanine and methionine di-and tripeptides significantly antagonize the anti-Candida activity of polyoxin B. These observations are in agreement with those recently reported by Becker et al. in which the anti- control Ala a Disk diffusion was used to determine activity. Peptides (10 mg/ ml) were assayed with the various concentrations of polyoxin B. The medium used was yeast carbon base-lysine at 37°C; the incubation time was 16 to 18 h.
Candida activity of polyoxin D was significantly reduced in the presence of 1% tryotone (1) .
The dimorphic growth of C. albicans has been shown to be dependent on several environmental factors including temperature; at 37°C growth occurs primarily in mycelial form with a resulting higher chitin content within the cellular structure (2) . Considering that the polyoxins are inhibitors of chitin synthesis (4), we examined the effect of temperature on the bioactivity of the polyoxins and found that polyoxin B exhibited higher levels of activity at 37°C than at 25°C. At 30 ,ug/ml, polyoxin B gave a clear zone (15 mm) at 37°C, whereas no observable zone occurred at 25C (this study was conducted in yeast carbon base-lysine medium and plates were observed after 16 h).
In an attempt to gain a better understanding of the polyoxin transport in C. albicans, we isolated three spontaneous mutants of C. albicans that were resistant to polyoxin. Their sehsitivity to bacilysin, a dipeptide antibiotic that inhibits glucosamine synthetase (7), and di-and tripeptides containing meta-fltorophenylalanine (8) (i.e., m-FPhe-Ala and m-FPhe-Ala-Ala) was examined. All three mutants were found to be cross-resistant to the inhibitory dipeptides as well as the inhibitory meta-fluorophenylalanine tripeptide with the exception of mutant 31 which was partially sensitive to the tripeptide ( resistance to other inhibitory peptides (i.e., bacilysin), implying that the peptide transport system has been shunted. These observations are in agreement' with reported results which show that chitin synthetase isolated from a polyoxinresistant fungal strain was inhibited by polyoxin (6) .
